This study presents an investigation of the shear behavior of segmental concrete beams with draped external tendons. Deviator force and transfer mechanism of prestressing force from an anchorage that affect the shear failure mechanism have been examined based on the results of experimental procedure and FEM with different location of deviator and inclined angle of draped tendons. The modified model proposed by authors has been extended for segmental concrete beams with draped external tendons with considering the effect of deviator force and transfer mechanism of prestressing force from the anchorage. The results from the extended modified model for draped external tendons had a good agreement with experimental results.
INTRODUCTION
Precast segmental construction is widely used in bridge structures, because of substantial cost and time saving in construction. In the beginning, the internal tendon technology has been used for segmental technology where tendons are located inside a concrete cross section. However, problems such as corrosion in internal tendons or leakage at epoxy joints may cause the damage in segmental bridges. So, the application of external prestressing to precast segmental structures has been used as an innovative method in segmental construction technology.
Both straight tendon profile and draped tendon profile have been applied in a segmental concrete beam with external tendons. The difference compared to the internal tendons is that the prestressing force from external tendons acts on the structure only at deviators and an anchorage at the ends of a beam. A straight external tendon profile was used in the authors' previous study 1) . It was concluded that the effect of deviator force (uplift force at a deviator) in a shear span on the shear capacity was insignificant.
The draped profile has been used to alleviate congestion in anchorage zones, to reduce concrete stresses at transfer and to provide a vertical component for shear in the high shear and low moment zone in a simply supported beam. However, test data to investigate the effect of draped external tendons on shear behavior of segmental concrete beams are very limited. Several researchers reported the experimental results focusing on the shear behavior of monolithic concrete beams with draped internal tendons 2), 3) . Some studies focused on the flexural behavior of monolithic concrete beams with draped external tendons 4) . In most current codes 5), 6) , the contribution of draped tendons on the shear carrying capacity has been considered via the vertical component of prestressing force without considering the effect of location of deviators and anchorages. The effects of deviator force and the transfer mechanism of prestressing force from the anchorage 7) by not only inclined angle of draped external tendons but also the location of deviator on the behavior of segmental joint, the shear behavior of segmental beams and supplementary load carried by draped external tendons are necessary to be evaluated. In addition, the simplified truss model 8) was modified for segmental concrete beams with straight external tendon profile in the authors' study, so-called modified model 1) . The modified model has not considered the effect of deviator force and the transfer mechanism of prestressing force from the anchorage in segmental beams with draped tendons. The supplementary load carried by draped tendons, therefore, has not been evaluated in the modified model yet.
This paper focuses on the shear mechanism and shear carrying capacity of segmental concrete beams with draped external tendons. The effects of deviator force and transfer mechanism of prestressing force from different locations of anchorages and deviators on the shear transfer mechanism across an opened segmental joint, the shear failure mechanism of segmental beams are examined by the experiment and the finite element analysis. Based on the comprehension of shear transfer mechanism, the modified model is extended to predict the shear capacity of segmental concrete beams with draped external tendons.
TEST PROGRAM
(1) Detail of specimens Figure 1 shows the detail of specimens in this study. Three simply supported concrete beams designed to fail in shear with a/d ratio of 3.5 were used. The distance, a j from a loading point to a joint position used in these beams was 1.0d; where d was the effective depth of the beam at deviators. The concrete stress at the upper and lower fibers of the span center of each beam was about 0 N/mm 2 and 19 N/mm 2 (positive means compression). The inclined angle of tendons was 9.0 deg. and 14.2 deg. Location of a deviator from the loading point, a de was 0.5d (200 mm) and 1.5d (600 mm). The name of beams is D09-200, D09-600 and D14-600. Thus, D09-200 means that the inclined angle was 9 deg. and a de was 200 mm. SJ10-19 in the previous study 1) is used as a reference beam. Table 1 tabulates the details of test beams and SJ10-19.
(2) Materials a) Concrete and epoxy
The match-cast method was used for casting the segmental beams in order to provide a perfect matching at the segmental joints. In this method, the end segments of each beam were cast first with a wood shear key as an end formwork. Two days later the formworks were removed and the end segments themselves were used as the end formworks for the middle segment. The design compressive strength of concrete, f' c was specified as 65.0 N/mm 2 at 28 days. The actual compressive and tensile strengths of concrete are tabulated in Table 1 . The tensile and bending strengths of the epoxy resin used to connect the segmental joints were about 25 N/mm 2 and 40 N/mm 2 , respectively.
b) Prestressing tendons and deviators
Prestressing steel bars with type of 19-wire were provided including two draped external tendons and one unbonded internal tendon in the top flange as shown in Fig. 1(a) . The tendons used for D09-200 and D09-600 had a nominal diameter of 17.8 mm.
Since it requires larger strain in the draped tendons in D14-600, the tendons with a nominal diameter of 17.8 mm and 21.8 mm were used for the unbonded internal tendon and the draped external tendons, respectively. The mechanical properties of the tendons are given in Table 2 . The tendons were introduced after the assembly of concrete segments with epoxy and stretched for three days before testing. Figure 2 shows four bolts embedded in the web of a beam for each steel deviator. The bolts were tried to arrange in the smallest distance to ensure that the deviator force ideally transfers at the center of the deviator. Four teflon layers with thickness of 0.8 mm were also provided to diminish the friction force between a deviator and an external tendon.
c) Reinforcements
The arrangement of reinforcement in the beam is shown in Fig. 1(b) . The non-prestressed steel bars were deformed bars. In all beams, six deformed bars with a nominal diameter of 13 mm (D13), and eight deformed bars with a nominal diameter of 10 mm (D10) were provided as internal longitudinal reinforcement at the bottom and the top flange, respectively. Stirrups were also provided at the web and the top flange with an interval of 400 mm and 100 mm, respectively. So, the stirrup ratio in the web is about 0.16 percent. It is larger than the minimum amount of vertical stirrups in JSCE Standard Specifications 5) , i.e. 0.15 percent. The average mechanical properties of the reinforcements are given in Table 3 . Steel meshes by steel bars with nominal diameter of 13 mm were also provided to resist the local stress caused by prestressing force as shown in Fig. 1(b) .
DESCRIPTION OF MODELS
DIANA system was used in nonlinear finite element method (FEM). A concrete beam is modeled by means of four-node quadrilateral isoparametric plane stress elements with the mesh as shown in Fig. 3 . The behavior of concrete in compression and tension is modeled according to the model proposed by Thorenfeldt et al. 9) and Hordijk To represent the interfacial behavior between external tendons and deviators or the concrete beam, the two-node interface element is applied. In order to neglect the friction between tendons and deviators or concrete at the beam ends the stiffness of the interface element is adopted from Sivaleepunth et al. 11) . Two-node interface element is also provided in some positions to model the unbonded internal tendon as shown in Fig. 3 .
The flat joint model 12) has been applied to reproduce the real geometry of a joint by using the two-line interface element as shown in Fig. 3 . The discrete crack model has been selected for the interface elements of segmental joints. In the interface problem, the initial stiffness is generally assumed as the initial dummy stiffness. The values of the initial stiffness have to exhibit a sufficiently high value to reproduce the continuous geometry of segmental concrete beams before the joint opening. However, values of the initial stiffness have to be small enough to avoid numerical problems during the analysis. For these conflicting reasons, the initial stiffness was assumed to be the same value for the normal and tangential modulus to make the analysis simple. The normal stiffness, k n , and tangential stiffness, k t , in the elastic stage for the flat joint model in segmental beams with draped external tendons were assumed as 
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Thorenfeldt's model
The tensile strength of the epoxy applied in segmental joints is actually higher than that of the concrete of beams. Thus, the tensile strength of concrete, f t is selected in modeling the segmental joints. The value of fracture energy, G F is found by considering the average compressive strength of concrete and the maximum size of coarse aggregate, i.e. G max = 20 mm, as recommended in JSCE Standard Specifications 5) .
RESULTS AND DISCUSSION (1) Generals about testing beams
D09-600 was first tested. For the safety, the applied load was stopped when the stress in the draped tendons became about 80 percent of the yield strength of tendons. D09-600, therefore, had not reached the actual failure stage. D14-600 was secondly tested and the applied load was provided until the beam was totally failed. D09-200 was lastly tested. When the stress in the draped tendon reached the yield strength, the applied load was stopped for the safety. However, at this stage, D09-200 had not been totally failed.
(2) Crack patterns and joint opening Figure 6 presents the crack pattern of tested beams. Some flexural cracks first formed in the maximum moment zone between the loading points. Then flexural shear cracks occurred. Despite the difference in the location of deviators and the inclined angle , one diagonal crack was observed to be formed from the deviator to the loading point in a shear span. After the occurrence of the diagonal crack from a deviator, the dominant diagonal crack occurred from the lower corner of the segmental joint toward the loading point. In D14-600 at the ultimate stage dominant diagonal cracks penetrated into the top flange, and then crushing occurred near the loading point. In D09-200 and D09-600, before stopping the applied load the dominant diagonal cracks were observed to penetrate into the top flange. Some cracks were seen on the top flange near the loading points. Based on the crack observation and the load and deflection curves discussed later, it seems that these two beams, D09-200 and D09-600, were close to the ultimate state when the applied load was stopped.
Joint opening was measured at 5 levels in both segmental joints of each beam as shown in Fig. 7 . Figure 8 shows the joint opening observed in the segmental joint on the right of D09-200 that was the critical segmental joint. The segmental joint exhibited closing at the levels 1 and 2. At the stopping applied load, the joint opening in the levels 3 and 4 was very small, 0.04 and 0.09 mm, respectively. The joint opening observed in level 5 at the stopping applied load was 11.13 mm.
Figures 9 and 10 show the joint opening observed in the critical segmental joint that was on the left of D09-600 and the right of D14-600. The segmental joint also exhibited closing in levels 1 and 2. In D09-600 and D14-600, the measured data at level 3 was 0.28 and 0.17 mm that were the crack width of the diagonal crack from the deviator. In both D09-600 and D14-600 the joint opening was not observed between the diagonal crack from the deviator and the dominant diagonal crack in a shear span. It means that the diagonal crack from the deviator propagated across the segmental joint in the contact area. In the stopping applied load of D09-600, the joint opening at level 4 was 7.57 mm. The joint opening at level 5 could not be recorded, because the failure in the lower shear key was occurred as shown in Fig. 6 . At the ultimate stage of D14-600, the joint opening of levels 4 and 5 was 6.25 and 7.75 mm, respectively. It was noted that the joint opening of SJ10-19 was 10.5 mm 1) at the ultimate stage. The smaller inclined angle  was the larger joint opening was.
(3) Load-deflection curves Figure 11 presents the load-deflection curves of the test beams and SJ10-19 in the previous study 1) . Even though there was a difference of location of deviators and the inclined angle , all the segmental beams exhibited the similar linear elastic behavior in the beginning. Linear behavior was prolonged until the first flexural crack occurred with the load, P cr as tabulated in Table 4 . The load at first flexural crack was affected insignificantly by the location of deviators and the inclined angle , and was close to that of segmental beam with straight external tendons 1) . The loads at the diagonal crack occurrence from a deviator and the dominant crack were not affected by the location of a deviator for D09-200 and D09-600. In D14-600 with higher inclined angle and area of draped external tendons, the load at the diagonal crack occurrence from a deviator was higher than that of D09-200 and D09-600. The load at the dominant crack of D14-600 was also higher than that of D09-600 and D09-200 about 13 percent. The maximum applied load of D09-600, where the stress in the draped tendons reached 80 percent of the yield strength, was smaller than the peak load of SJ10-19 1) . However, the maximum load of D09-200, where the stress in the draped tendons reached the yield strength, was higher than the peak load of SJ10-19 about 8 percent. The peak load of D14-600 was higher than that of SJ10-19 about 15 percent.
(4) Failure mechanisms
The linear elastic behavior of segmental beams was not affected by the location of a deviator, inclined angle  and the area of draped tendons. It was expressed by the load at the first flexural crack to be similar. Compared with the same area of external tendons, the load at the dominant diagonal crack of segmental beams with inclined angle of 9 deg., D09-200 and D09-600, was smaller than that of the segmental beam with straight tendons, SJ10-19. It was because that the segmental beams with draped tendons exhibited reduced stiffness 4) much lower than beams with straight tendons. The load at the dominant diagonal crack of D14-600 with higher inclined angle and tendon area was higher than those of D09-200, D09-600 and SJ10-19. It means that the area of draped tendons also affected the stiffness of segmental beams with draped external tendons.
The diagonal crack from the deviator to the loading point was not formed in segmental beams with straight external tendons 1), 11) . In segmental beams with draped external tendons the diagonal cracks from deviators, however, were formed before the occurrence of the dominant diagonal crack from the segmental joint to the loading point. It was proven that a deviator force was arisen and transferred from the deviator to the loading point. The deviator force transfer from a deviator to the loading point contributed to affect the shear transfer mechanism in the segmental beams with draped external tendon. MacGregor et al. 13) have well explained the local behavior of a segment near an opening joint. As a segmental joint opens, a diagonal crack is formed from the segmental joint to the loading point. A compressive strut is formed from the loading point to the lower corner of the segment. Another inclined strut runs across the segmental joint from the loading point to another segment. The formation of the dominant diagonal crack from the segmental joint to the loading point demonstrated that the local behavior of the segmental joint 1) affected significantly the behavior of segmental beams with draped external tendons.
Although there was a difference in the location of a deviator and an inclined angle , the failure mode was designated as the shear compression failure mode in the tested beams. First, the dominant diagonal crack was formed toward the loading point. Finally, the failure took place with the crushing of concrete near the loading point in the shear span. D09-200 and D09-600 did not reach the peak. The maximum load of D09-200 was larger than that of D09-600, since the applied load was stopped where the stress in draped tendon of D09-200 was larger than that of D09-600. Both the maximum load of D09-200 and the peak load of D14-600 were larger than the peak load of SJ10-19. It means that the shear carrying capacity of segmental concrete beams with draped external tendons was higher than that of segmental beams with straight external tendons. The contribution for the shear carried by draped tendons was smaller than the vertical component of prestressing force as proposed by most current codes 5),6) as shown in Table 4 . That is because that the vertical component of prestressing force acts on the shear span only at the deviator. Therefore, the contribution of the vertical component of prestressing force on the shear resistance depends on the resistance of reinforced concrete where it transfers.
The nonlinear FEM analysis results were compared with experimental results in order to validate the FEM model. Figure 11 shows a good agreement of the load-deflection curves between the experimental and FEM analysis results. Figure 12 shows the principal compressive stress of all the beams at the peak load. It can be seen that one concentrated stress flow is arisen from the deviator to the loading point in all beams. The effect of deviator force on the shear transfer mechanism of segmental beams with draped external tendons was confirmed. Figure 12 also shows that the transfer mechanism of prestressing force from the anchorage 7) consists of two concentrated stress flows. One transfers the prestressing force from the anchorage to the support. The other transfers the prestressing force toward the loading point. It means that not only the deviator force but also the transfer mechanism of prestressing force from the anchorage affects the shear transfer mechanism in segmental concrete beams with draped external tendons.
EXTENDED MODIFIED MODEL FOR DRAPED TENDONS (1) Division of the model with the effect of location of a deviator and an inclined angle
To predict the shear capacity of segmental concrete beams with draped external tendons, the modified model 1) for straight external tendons has been extended for segmental concrete beams with draped external tendons. The extended modified model for draped tendons has been proposed based on the effect of deviator force, transfer mechanism of prestressing force from the anchorage and local behavior of segments near the opened segmental joint 1), 13) . The extended modified model in this paper has just considered Model 1 of the modified model 1) where a j /d is smaller than 1.25. 
For the segmental beam with a de of 200 mm as shown in Fig. 14 , a j > a de , the compression stress flow from the deviator to the loading point and its width were progressively formed with the increase in the inclined angel . The m value of the compression stress flow from the loading point across the segmental joint from FEM, however, was approximate to the predicted m value from the modified model for straight external tendons 1) as shown in Eq. (1). The segmental beams with a de of 600 mm and 800 mm as shown in Figs. 15 and 16 , a j < a de , the compression stress flow from the loading point across the segmental joint was formed to the deviator as the inclined angle was larger than 2 deg. This compression stress flow from the loading point tended to move to its location in segmental beams with straight tendons as the inclined angel  reduced to zero.
Two compression stress flows from the anchorage of draped tendons were observed with inclined angle  larger than 2 deg. regardless of deviator location as shown in Figs. 14, 15 and 16. It was recognized that the deviator force and transfer mecha-nism of prestressing force from the anchorage of draped tendons had the significant effect on the shear capacity of segmental beams as the inclined angel  was larger than about 2 deg. The draped tendon with inclined angle less than 2 deg. was found to have little effect on the shear capacity in monolithic beams with draped internal tendons as explained by MacGregor et al. 2) .
As inclined angle  was larger than 2 deg., the shear failure mechanism can be acceptable to divide into two types of failure pattern. Figure 17 shows the extended modified model for segmental concrete beams with draped external tendons with inclined angle larger than 2 deg. Model I is applied to a segmental beam with a j > a de as shown in Fig. 17(a) . Model II is applied to a segmental beam with a j < a de as shown in Fig. 17(b) . In both Models for draped tendons, the diagonal compression members [1] and [2] are modeled by the concentration area in the red part from the support that is distributed widely within the shear span as shown in Figs. 14, 15 and 16. In both Models in Fig. 17 , the diagonal compression members [12] and [13] are provided to express the stress flows marked from the anchorage as shown in Figs. 14, 15 and 16 .
In Model I with a j > a de , the member [4] is provided from the deviator to the loading point. The end node of the member [3] is determined by the distance md, where m value is from Eq. (1), in the horizontal distance from the loading point. The tension members [11] and [14] from the draped tendon are formed to balance the prestressing force. The model can be 
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only existed with the appearance of the tension members [7] and [9] to balance the compression forces from the compression members [1] , [2] , [3] and [4] . It is reasonable to model the tension member [7] from the internal longitudinal steel bars. The tension member [9] cannot be modeled by internal longitudinal steel bars because it was cut by a segmental joint. The tension force in the member [9] can be mainly resisted by the compression of concrete as shown in Fig. 17(a) .
In Model II with a j < a de , the member [4] is provided from the bottom of the web at the edge of a segmental joint to the loading point. The member [3] is defined from the deviator to the loading point. The tension member [7] was modeled by the internal longitudinal steel bars as in Model I. The tension member [9] , located with a segmental joint, was Fig. 19 Horizontal distance from the loading point to the end node of member [4] with a j > a de .
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For an inclined angle less than 2 deg., the original modified model 1) as shown in Fig. 18 can be applied to predict the shear carrying capacity of segmental beams with draped tendons. The effect of draped tendons, however, is also necessary to consider in the original modified model. In case of a j > a de (Fig.  17(a) ), the end node of member [3] is determined by the distance md, where m value is obtained from Eq.
(1), in the horizontal distance from the loading point. The end node of the strut member [4] is interpolated from a j to a de , as the inclined angle  is from 0 to 2 deg. In case of a j < a de (Fig. 17(b) ), the member [4] is provided from the bottom of the web at the edge of a segmental joint to the loading point, i.e. a j . The end node of the strut member [3] is interpolated from md, where m value is obtained from Eq. (1), to a de , as the inclined angle  is from 0 to 2 deg. Figures 19 and   20 show the relationship of the end node of members [4] and [3] with inclined angle , as a j is larger than a de and a j is smaller than a de , respectively.
(2) Cross section of members
The name of members in the modified model for segmental beams with draped tendons is identical in Figs. 17 and 18 . The cross sectional area of the transverse tension member [5] is assumed to be the distance from the segmental joint to the loading point multiplied by the web thickness, while the cross sectional area of member [6] is assumed to be the distance from the segmental joint to the support multiplied by the web thickness. Transverse reinforcement is taken into account in the cross sectional area of members [5] and [6] by multiplying the ratio of elastic modulus of reinforcement to elastic modulus of concrete, E s /E c , and the ratio of area of transverse reinforcement to its spacing and its length. The cross sectional area of the flexural compression members is set as t f b f , where t f and b f are the thickness and the width of top flange, respectively. The cross sectional area of external tendons, A ps , is employed as the cross sectional area of members [11] and [14] in Model I and members [9] , [11] and [14] in Model II. The cross sectional area of longitudinal tensile bars, A s , is provided for member [7] . Member [9] of Model I can be defined by the web area from the lowest longitudinal bars to the bottom.
The thickness of compression struts of the extended modified model is also formulated based on nonlinear FEM results as shown in Fig. 21 . The compressive stress in the vertical direction at each Gauss's point,  yi , at 90% of shear carrying capacity is considered. The element size has affected on the post-cracking behavior. In addition, in the compression failure mode the effect of element size on the stress and strain is insignificant in the prepeak 14) . Therefore, the thickness of compression struts has less effect by the element size when it is determined at 90% of the shear carrying capacity. The stress distribution ratio of  yi to the maximum value  yi-max , ( i = yi / yi-max ) in horizontal direction is used to calculate the thickness of a strut. The horizontal width, t i , of the distribution where  i was equal to 0.1 is utilized to determine the thickness, because the disturbance is not observed in the width at this level as shown in Fig. 21(b) . Three levels of Gauss's point in the web below the top flange are considered to calculate the effect of a loading plate. The average value of horizontal widths at the vicinity of a loading plate is t l . Three levels of Gauss's point in the web above the level of lower external tendons are considered to calculate the effect of a support plate. The average value of horizontal widths at the vicinity area of a support plate is t s .
In case of a j < a de , the thickness of compression struts was slightly affected by draped tendons. The thickness of compression struts from the loading point, t l-II , and from the support, t s-II , of Model II was approximate to t l and t s of the modified model for straight tendons as shown in Eqs. (2) and (3), respectively. In case of a j > a de , the thickness of compression struts was affected by draped tendons as seen in Fig. 14. Figure 22 shows the ratio of the thickness from FEM analysis with the effect of draped tendons to the thickness calculated from the modified model. As the inclined angle is larger than 1 deg., the thicknesses of compression struts from the loading point, t l-I , and from the support, t s-I , of Model I are calculated by Eqs. (4) and (5) . For an inclined angle less than 1 deg., the thickness of compression struts from the loading point and from the support are calculated by Eqs. (2) and (3) as in the modified model.
In the extended modified model for draped tendons, the members [3] and [4] are considered to be affected by the width of a loading plate. Meanwhile members [1] , [2] , [12] and [13] are affected by the width of a support plate. The cross section area of each strut member is obtained by multiplying t l-I , t l-II or t s-I , t s-II with the web width of respective member and its inclination angle with respect to the beam axis.
(3) Evaluation of shear carrying capacity
In order to calculate the shear carrying capacity of slender segmental concrete beams with external tendons, equivalent elastic analysis is utilized. The member force, F i , of each member is calculated based on Castigliano's second theorem, i.e. the theorem of minimum strain energy, as summarized in Eqs. (6) and (7).
where U is the strain energy, X i is the redundant member force, F i is the force of the i th member, L i and A i are length and area of the i th member, E i is stiffness of the i th member. Secant modulus, E cu , is utilized for calculating the compression struts, while the initial elastic modulus is applied for flexural compression members. The resistance of each member, R i , is calculated by multiplying f' c with the softening parameter 8) ,  and the cross sectional area, A i . The shear carrying capacity and the critical member are estimated when the maximum value of ratio of F i to R i is equal to 1 [max(F i /R i ) = 1, i = 1 to 4]. Figures 23 and 24 show the calculated results from the extended modified model for segmental concrete beams with draped external tendons with the variation of inclined angle of draped tendons. It confirms that dividing inclined angle  at 2 deg. is acceptable. However, a few test results 2),3),4) conducted with draped tendons are out of the range of this study. Therefore, the applicability of the model needs to be confirmed in the future studies. Table 5 tabulates the experimental results in this study and calculated values from the extended modified model for segmental beams with draped external tendons, JSCE Standard Specifications 5) , AASHTO Specifications 6) and the recommendation for shear design provisions for segmental box girders of AASHTO Specifications 15) where the stress variable, K was not limited. Although the experimental results in this study are restricted, the extended modified model for segmental beams with draped tendons could be capable of predicting the shear carrying capacity of segmental beams with draped external tendons. Comparison of the mean value, standard deviation and coefficient of variation shows that the shear carrying capacity obtained from the extended modified model for segmental beams with draped tendons exhibits higher accuracy than that from existing equations in the current codes such as JSCE Standard Specifications and AASHTO Specifications for segmental beams. The recommendation for shear design provisions for segmental box girders of AASHTO Specifications also improved the accuracy to compare to AASHTO Specifications. The recommendation, however, has not considered the effect of the location of deviator and anchorage and local behavior near an opened segmental joint on the shear transfer mechanism of segmental concrete beams with draped external tendons.
CONCLUSIONS
From the study carried out on simply supported segmental concrete beams with draped external tendons, the following conclusions can be drawn: (1) From the experimental results, the shear carrying capacity of segmental concrete beams with draped external tendons was higher than that of segmental beams with straight external tendons. The shear failure of segmental concrete beams with draped external tendons was the shear compression failure mode and affected by the deviator force and the local behavior of the opened segmental joint. ( 2) The FEM analysis results showed that the shear failure mechanism of segmental concrete beams was affected by not only the deviator force and the local behavior of the segmental joint but also the transfer mechanism of prestressing force from the anchorage. The deviator force and transfer mechanism of prestressing force from an anchorage affected significantly the shear failure mechanism of segmental beams with draped external tendons as an incline angle of draped external tendons was larger than 2 deg. (3) The extended modified model for segmental beams with draped external tendons has been proposed based on the modified model. The effects of a deviator force, an inclined angle of draped tendons, a transfer mechanism of prestressing force from an anchorage and the local behavior of an opened segmental joint have been considered to set member forces and its thickness in the extended modified model. The shear carrying capacity assessed from the extended modified model for draped tendons has provided the good accuracy in comparison with the existing prediction models for segmental concrete beams with draped external tendons.
